Magnetic nanoparticles (MNP) with a diameter of 8 nm were modified with different generations of polyamidoamine (PAMAM) dendrimers and mixed with antisense survivin oligodeoxynucleotide (asODN). The MNP then formed asODNdendrimer-MNP composites, which we incubated with human tumor cell lines such as human breast cancer MCF-7, MDA-MB-435, and liver cancer HepG2 and then analyzed by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide, quantitative reverse transcription-PCR, Western blotting, laser confocal microscopy, and high-resolution transmission electron microscopy. Results showed that the asODN-dendrimer-MNP composites were successfully synthesized, can enter into tumor cells within 15 min, caused marked down-regulation of the survivin gene and protein, and inhibited cell growth in dose-and time-dependent means. No.5 generation of asODN-dendrimer-MNP composites exhibits the highest efficiency for cellular transfection and inhibition. These results show that PAMAM dendrimer-modified MNPs may be a good gene delivery system and have potential applications in cancer therapy and molecular imaging diagnosis.
Introduction
Several promising nanoparticle delivery systems have been proposed for gene therapy (1) (2) (3) (4) . For example, superparamagnetic iron oxide nanoparticles have been recognized as a promising tool for the site-specific delivery of drugs and diagnostics agents (5) (6) (7) . Magnetic nanoparticles (MNP) have been widely explored to have potentials in applications, such as hyperthermia (8) , magnetic resonance imaging contrast agent (9) , tissue repair (10), immunoassay (11) , drug/gene delivery (12) , and cell separation (13) . However, few reports are closely associated with use of MNPs as gene transfection vector for cancer therapy.
As you know, antisense strategy is an effective gene therapy for cancer. A lot of reports have confirmed that antisense oligonucleotides can bind start location of mRNA translation inside cells, block translation of target RNA into target protein, and finally suppress cellular proliferation (14) (15) (16) . However, antisense therapy is still restricted in application of clinical therapy because of two existing problems, such as rapid degradation by exonuclease or endonuclease and poor diffusion across the cell membrane (17) (18) (19) . Although some methods, such as chemically modified oligonucleotides, oligonucleotides bound to virus and synthetic carriers, and small interfering RNA, have been explored to solve these problems (20, 21) , so far no optimal solution is established. Therefore, looking for more effective alternative delivery system for antisense nucleotides is the key to solve the present problems. As the advance of nanotechnology, new nanomaterials are being continuously fabricated, which makes it possible that one kind of novel nanomaterials acts as the delivery system for antisense therapy.
Dendrimers are a relatively novel class of polymers with highly ordered structure (22, 23) . The accretion of functional groups, symmetry perfection, nanosize, and internal cavities provides these novel dendritic nanocomposites many potential applications in biochemistry (24) , gene therapy (25) , and nanomedicine (26) . Dendrimer should become one kind of good nonviral synthetic vectors because of the advantages of safety, simplicity of use, and ease of mass production compared with viral vectors with an inherent risk for clinical use (24, 25) . Nanoparticles coated with dendrimer can alter the charge, functionality, and reactivity and enhance the stability and dispersibility of the nanoparticles (27) (28) (29) .
In this study, we fully used the advantages of MNPs and polyamidoamine (PAMAM) dendrimers and explored to solve two problems associated with gene therapy of antisense oligonucleotides, such as poor diffusion across cell membrane and rapid degradation by exonuclease or endonuclease, by fabricating nanoscale delivery system composed of MNPs covered with different generation of PAMAM dendrimers [dendrimer-modified MNPs (dMNP)]. To confirm the feasibility of synthesized nanoscale delivery system, we selected survivin gene as research target (30) (31) (32) . The synthesized dMNP composites were used to complex with antisense survivin oligodeoxynucleotides (asODN). Then, we investigated gene transfection efficacy, uptake mechanism, and biological effects of the dMNPs with breast cancer cells, such as MCF-7 and MDA-MB-435 cell lines, and liver cancer HepG2 cell line. Our results showed that the surface dendritic structure of the MNPs allows gene to attach to the surface of dMNPs and markedly enhanced the gene delivery efficiency. The system renders the possibility to serve as a universal transmembrane carrier for intracellular gene and drug delivery and imaging applications.
Collection. Methacrylate, ethylenediamine, ferrous chloride, 3-aminopropyltrimethoxysilane (APTS), FITC dye, and ferric chloride were purchased from Sigma Chemical Co. 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT), FCS, RPMI 1640, DMSO, and all reagents for electrophoresis were obtained from Life Technologies. Rabbit anti-human polyclonal antibody against survivin, h-actin antibody, and horseradish peroxidase (HRP)-conjugated goat anti-rabbit secondary antibody were from Invitrogen Co.
PCR primers and antisense ODNs. PCR primers were as follows: survivin gene, 5 ¶-GTGAATTTTTGAAACTGGACAG-3 ¶ ( forward) and 5 ¶-CCTTTCCTAAGACATTGCTAAG-3 ¶ (reverse; amplification fragment is 240 bp); glyceraldehyde-3-phosphate dehydrogenase (GAPDH; internal control), 5 ¶-CCACCCATGGCAAATTCCATGGCA-3 ¶ ( forward) and 5 ¶-TCTA-GACGGCAGGTCAGGTCCACC-3 ¶ (reverse; product length is 180 bp). asODN sequence was complementary to the first five codons of human survivin mRNA (5 ¶-CCCAGCCTTCCAGCTCCTTG-3 ¶), and a negative control ODN [nonsense ODN (nsODN)] sequence was not complementary to the survivin mRNA (5 ¶-CTGGCCGCTGGATTCCTGCT-3 ¶). PCR primers, oligonucleotides, and FITC-labeling oligonucleotides were designed and synthesized by Shanghai Sangon Biotech.
Preparation of MNPs. MNPs were prepared under various reaction conditions by coprecipitation of Fe 2+ and Fe 3+ in the presence of NaOH (27, 28) . Finally, MNPs were dispersed in PBS (pH 7.4).
Growth of PAMAM dendrimer on magnetic surface. dMNPs were prepared according to our previous works as shown in Fig. 1 (28, 29) . Briefly, magnetic methanol solution was treated by ultrasonic waves for 30 min. Excessive APTS [NH 2 (CH 2 ) 3 -Si-(OCH 3 ) 3 ] was added with rapid stirring for 7 h. The resulting solution was washed with methanol five times by magnetic separation. APTS-coated MNPs were terminated with amine groups and dispersed in methanol. G 0 dMNP represents the MNPs modified with only APTS. Dendrimer generation was initiated with G 0 methanol solution. Excessive methacrylate was added and the suspension was immersed in an ultrasonicating water bath at room temperature for 7 h. The particles were then collected magnetically and rinsed with methanol five times by magnetic separation. After rinsing, excessive ethylenediamine was then added and the suspension was immersed in an ultrasonicating water bath at room temperature for 3 h. The particles were rinsed with methanol five times by magnetic separation. Stepwise growth using methacrylate and ethylenediamine was repeated until the desired number of generations from 1.0 to 5.0 (G 1.0 -G 5.0 ) was achieved.
Characterization of dMNPs. To characterize the samples, portions of the dMNP suspensions were dried at 80jC under vacuum. The average size was estimated using a high-resolution transmission electron microscope (HR-TEM; JEM 4010, JEOL). Fourier transformation-IR (FT-IR) spectra of suspensions were obtained using a FT-IR spectrophotometer (Avatar 360, Nicolet). Thermogravity analysis (TGA) measurement was done by TGA Figure 1 . Growth of PAMAM dendrimer on the surface of MNPs for nonviral gene transfection based on complexation with an asODN. Nine steps are shown in the process: APTS was added to form amineterminated MNPs (G 0 dMNP), excessive methacrylate was added to get a ester-terminated MNPs, ethylenediamine was added to form amine-terminated G 1.0 dMNP, methacrylate and ethylenediamine were added alternately to get dMNP with generation from 1.0 to 5.0, complexation between dMNP and asODN, adsorption of dMNP-asODN complexes onto cancer cells surface, dMNP-asODN complexes were endocytosed by cancer cells, endosome-containing dMNP-asODN complexes were located around the nucleus, and dMNP and asODN escaped from the endosome into cytoplasm.
2850 thermogravimetric analyzer (TA Instruments) under N 2 in the temperature range 30jC to 700jC with an increasing rate of 5jC/min.
Preparation of dMNP-asODN composites. Survivin asODN was mixed with dMNP in RPMI 1640 without FCS under the condition of the charge ratio of 10:1 (dMNP/asODN) and incubated for 30 min at room temperature. For confocal microscopy observation, FITC-labeled asODN was used to form dMNP-FITC-asODN complex. Control experiments were carried out by mixing dMNP and nsODN (dMNP-nsODN).
Electrophoretic shift assay and Z potential analysis. dMNPs (0.2 Ag) at different generation were mixed with 5.0 nmol asODN or nsODN, and 5.0 nmol of free asODN and nsODN were used as control and added to a 1% agarose gel in Tris-acetic acid-EDTA buffer containing ethidium bromide. The gel was run for 1 h at 90 V and then photographed under UV light using a UVP gel documentation system. Each sample was run in duplicate.
Potential was measured with Zetasizer 2000 instruments (Malvern Co.).
Cell culture and microscopy observation. Human breast cancer MCF-7 and MDA-MB-435 cell lines, liver cancer HepG2 cell line, human prostate cancer LNCaP cell line, and HL-60 cells were cultured for 24 h in RPMI 1640 containing 1 Â 10 5 milliunits/mL penicillin and 0.1 mg/mL streptomycin supplemented with 10% (v/v) FCS at 37jC in a humidified 5% CO 2 incubator. FITC-labeled asODN-dMNPs were mixed fully with 0.1% bovine serum albumin (BSA) and then added into the cultured cells. These cells were collected and observed with laser confocal microscopy. Partial collected cells were embedded and made into TEM specimens and then observed via HR-TEM.
For quantitative intercellular assay, fluorescence of cell growth medium supernatant was detected after the incubation of cancer cells with dMNP-FITC-asODN. The uptake rate (%) was measured by the following equation:
Here, I control is the fluorescence intensity of the same cell culture medium containing dMNP-FITC-asODN and I test is the fluorescence of supernatant after incubation of cell with dMNP-FITC-asODN.
Cell viability and proliferation assays. Cell viability and proliferation were measured by MTT assays. Every well in the 96-well plate was added into 180 AL RPMI 1640 and 5,000 cells and incubated in a humidified 5% CO 2 balanced air incubator at 37jC for 24 h. Except from control wells, the remaining well was added into 20 AL dMNP-asODN composites and continued to culture for 72 h and then each well was added into 0.05 mL MTT solution and continued to culture for 2 h. Then, each well was added into 0.05 mL DMSO to dissolve the formed crystals. The 96-well microplate was read at 570 nm on an ELISA plate reader and the percentage of viability was calculated (33) . The inhibition of cell proliferation can be calculated by the following equation:
Inhibition of cell proliferation ð%Þ ¼ 1 À A 570ðtestÞ A 570ðcontrolÞ Â 100 ðBÞ where A 570(test) is absorbance intensity at 570 nm in the presence of dMNPasODN complex and A 570(control) is absorbance intensity at 570 nm in the absence of dMNP-asODN complex. Semiquantitative reverse transcription-PCR analysis. Cellular total RNAs were extracted out by using Total RNA Extraction kit according to the manufacturer's instructions. Single-stranded cDNA was synthesized with oligo(dT) primer in a 20 AL reaction from 5 Ag of total RNA using SuperScript Preamplification System for First-Strand cDNA Synthesis System (Promega Co.) and diluted up to 80 AL. PCR was then done with 1 AL cDNA for 1 cycle of 94jC for 2 min followed by 30 cycles of 94jC for 30 s, 60jC for 30 s, and 72jC for 3 min using gene-specific primers and Taq polymerase. PCR products were analyzed on 1% agarose gel electrophoresis with ethidium bromide, and GAPDH was used as internal control to confirm equal amount of the templates.
Western blot analysis. Cells were lysed in protein lysis buffer [50 mmol/L Tris (pH 7.4), 150 mmol/L NaCl, 1 mmol/L EDTA, 1 mmol/L EGTA, 5% 2-mercaptoethanol, 1% NP40, 0.25% sodium deoxycholate, 5 Ag/mL leupeptin, 5 Ag/mL aprotinin, 10 Ag/mL soybean trypsin inhibitor, 0.2 mmol/L phenylmethylsulfonyl fluoride]. Protein concentrations were determined using the Bradford method. Equal amounts of sample lysate were separated by SDS-PAGE and electrophoretically transferred onto polyvinylidene difluoride membranes (Millipore). The membrane was blocked with 0.1% BSA in TBST buffer [20 mmol/L Tris (pH 7.4), 150 mmol/L NaCl, 0.1% Tween 20] and incubated overnight at 4jC with rabbit anti-human polyclonal antibody against survivin. Subsequently, the membrane was washed with TBST buffer and incubated with HRP-conjugated secondary antibody. Enhanced chemiluminescence kits were used (Amersham). b-Actin was used as a negative control (34) .
Data analysis. All data are presented in this article as mean result F SD. Statistical differences were evaluated using the t test and considered significant at P < 0.05 level. All figures shown in this article were obtained from three independent experiments with similar results.
Results
Characterization of dMNPs. Figure 2 shows the results of different generation of dMNPs characterized by HR-TEM, TGA, and FT-IR. As shown in Fig. 2A , the synthesized MNPs were quasispherical with an average diameter of 8.0 nm and were dispersed very evenly in liquid. As shown in Fig. 2B , dMNPs were dispersed very well with average diameter of 20 to 40 nm, which also implies that the strong repulsion force existed among these dMNPs. The dendrimer coating layer on the surface of MNPs can be clearly observed by HR-TEM and also can be further confirmed by TGA analysis as shown in Fig. 2C and FT-IR spectra analysis as shown in Fig. 2D . The grafted dendrimer content of the dMNP can be calculated from TGA from the weight loss between 20jC and 800jC (Fig. 2C) . The quantity of dendrimer grown on the MNPs increased with increasing dendrimer generation from 0 to 5.0. The weight losses observed at 800jC on TGA plots show the average weight loss of 4.0%, 7.5%, 11.2%, 17.5%, 22.3%, and 28.5% for the dMNPs (generation 0 to 5.0), respectively. The dendrimer modification process was proven by comparison of FT-IR spectra of the G 5.0 dMNPs and MNPs. It can be seen from Fig. 2D that, compared with the MNPs sample, the G 5.0 dMNPs possess absorption bands at 2,922 and 2,852 cm À1 due to stretching vibration of the C-H bond, bands at 3,422 cm À1 due to the bending vibration of the -NH 2 group, and bands at 1,719, 1,637, 1,560, and 1,398 cm À1 due to the -CO-NH-group. All of these reveal the existence of PAMAM dendrimer.
Electrophoretic shift assay and Z potential analysis. Figure  3A shows the electrophoretic shift assay result of asODN in the absence and presence of dMNP with increasing generation from G 0 to G 5.0 , which showed that the amine-terminated dMNP composites could bind with asODN and formed stable dMNP-asODN composites. As shown in Fig. 3B , PAMAM dendrimers grown on the surface of MNPs displayed the positive charge properties. Thep otential of À20 mV at pH 7.0 was observed in MNPs due to the abundant OH À ions. After MNPs were modified with different generation of dendrimer,~potential increased and reached +30 mV at pH 7.0 for G 5.0 dMNP due to the increasing positive charges of -NH 3+ on the magnetic surface. There is a statistical difference between surface charge of dMNPs and dMNP-asODN (P < 0.05), which showed that lots of positive charges on the surface of dMNPs bind with negative charges on the surface of asODN molecules and form asODN-dMNP composites. As the generation of dendrimer increased, the amount of asODN absorbed by dMNPs also increased correspondingly. G 5.0 dMNPs absorbed the biggest amount of asODNs. Positively charged asODN-dMNPs will be easily attached to negatively charged cell membrane to improve the endocytosis, so the positively charged surface of asODN-dMNPs is very important for cellular internalization. More positive charges on asODN-dMNP will make higher gene delivery efficiency as shown as follows.
Cell viability and proliferation inhibition assays. As shown in Fig. 4A , different generation of dMNPs can inhibit the growth of cancer cells with the inhibition rate of <9%, and as the generation of dendrimer increased, the inhibition rate of cell proliferation caused by dMNPs decreased correspondingly and G 5.0 dMNPs exhibited lowest toxicology to tumor cells. But no statistical difference of inhibition rates existed among MNPs with G 1.0 to G 5.0 generations of dendrimers (P > 0.05). The results show that the dMNPs are very low toxic to tumor cells and G 5.0 dMNP composites exhibited the lowest toxicology to tumor cells.
As shown in Fig. 4B , as the generation of dendrimer increased, the inhibition rate of asODN-dMNP composites for tumor cells gradually increased, and there existed statistical difference among different generation of dMNPs (P < 0.05). G 5.0 dMNPs have the highest inhibition rate for tumor cells. Under identical condition, as shown in Fig. 4C , the control nsODN-dMNPs also exhibit inhibition effect for tumor cells, but the inhibition rates were markedly lower than those caused by asODN-dMNPs, and there existed a statistical difference between asODN-dMNP group and control nsODN-dMNP group (P < 0.01). As shown in Fig. 4D , G 5.0 dMNPs inhibited the growth of tumor cells in dose-dependent means.
Semiquantitative reverse transcription-PCR and Western blot analysis. As shown in Fig. 5A and B, as the generation of dendrimer increased, the expression levels of gene and protein of survivin in tumor cells exhibited gradually down-regulation compared with the control group, and there existed a statistical difference between asODN-dMNP group and nsODN-dMNP group (P < 0.01) and asODN-G 5.0 dMNPs exhibited the strongest inhibition effect on expression of survivin gene and protein.
Morphologic observation of tumor cells incubated with asODN-dMNPs. Under the identical concentration of dMNPasODN, as the culture days increased, partial tumor cells gradually became round and suspended and finally exhibited apoptosis or death characterization. To further confirm that the asODN-dMNP nanoparticle conjugates were indeed internalized by the target cells rather than simply bound to the surface of the cells, and to visualize the location of the nanoparticles inside the cells after the internalization, HR-TEM images were taken on MCF-7 cells that were cultured with asODN-dMNP nanoparticles (Fig. 6A) . HR-TEM images showed that a large number of asODN-dMNP conjugates accumulated on the surface of MCF-7 cells for 0 to 4 h of incubation (Fig. 6A, a) . After 4 to 12 h of treatment, asODN-dMNP complex entered MCF-7 cells and located within vesicles in the cytoplasm around cell nuclear (Fig. 6A, b) . The asODN-dMNP complexes appeared as black dots scattered in the cell cytoplasm but not in the nuclei after 12 to 48 h of incubation (Fig. 6A, c and d) , indicating that asODN-dMNP was released from the vesicles and got into the cytoplasm. The complexes cannot enter the nucleus as indicated by HR-TEM characterization. Forty-eight to 96 h of treatment induced cell apoptosis as indicated in Fig. 6A , e. Most MCF-7 cells died after incubation with asODN-dMNP for more than 96 h and the ultrastructure was shown in Fig. 6A , f. As shown in Fig. 6B , asODN-dMNP composites can enter into tumor cells within 15 min of incubation, which fully showed that dMNP composites have high efficiency for delivery of asODN into tumor cells.
As shown in Fig. 6C , little changes of fluorescence intensity can be found for control and null sample, whereas the supernatant fluorescence intensity (curves b, c, and d) decreased markedly after incubating cancer cells with FITC-labeled dMNP-asODN, indicating that dMNP-asODNs were endocytosed by cancer cells. Furthermore, fluorescence intensity decreased with increasing dMNP generation, indicating that the amount of endocytosed asODNdMNP increased with increasing generation of dMNP from 0 to 5.0. The uptake rate (%) was calculated from Eq. A as shown in Fig. 6D . The delivery efficiency (uptake rate) of G 5.0 dMNP was 60% or so and the delivery efficiency of naked MNPs is 10% or so. There is a statistical difference between the two groups (P < 0.01), which showed that dendrimer can improve the across membrane efficiency of MNPs, which also indirectly suggested that dMNPs are likely one kind of good gene delivery system for cancer therapy.
Discussion
Herein, we selected MNPs and dendrimer molecules as raw materials and fabricated dMNP composites and investigated their across membrane efficiency and biological effects with the aim of developing one kind of novel high-efficiency nonviral gene delivery system for cancer therapy. We selected survivin asODNs and the control nsODNs as delivery target. G 1.0 to G 5.0 dMNP composites were fabricated and characterized by HR-TEM, TGA, and FT-IR. The dMNPs were mixed with asODN and nsODN in the charge ratio of 10:1; under this condition, dMNPs can absorb the maximum oligonucleotides. According to the quality of dendrimer, we can account out the charges of dendrimer surface; therefore, the maximum of asODNs combined with dendrimer can be speculated out-this is one kind of approximate quantitative method. Electrophoretic shift assay and~potential analysis also confirmed that there exists statistical difference between surface charge of dMNP and dMNP-asODN, asODN, and nsODN really conjugated with dMNPs. As the generation of dendrimer increased, the surface charge of dendrimer also increased; therefore, the number of asODN and nsODN combined with the same dMNPs increased correspondingly. G 5.0 dMNP composites can bind the maximum of oligonucleotides.
To investigate the across cell membrane efficiency of asODNdMNPs, we used laser confocal microscopy to observe the course of entrance of asODN-dMNPs into MCF-7, MDA-MB-435, HepG2, HL-60, and LNCaP cell line (partial results not shown). Results showed that asODN-dMNPs enter into tumor cells within 15 min of incubation, and asODN-dMNPs were further confirmed to locate some organelles, such as lysosome and endosome, in the cytoplasm by HR-TEM (Fig. 6 ) similar to other reports (35) . According to the measurement method of across membrane efficiency, the delivery efficiency of G 5.0 dMNPs was 60% or so, the delivery efficiency of naked MNPs is 10% or so, and there is a statistical difference between the two groups (P < 0.01), which showed that dendrimer can improve the across membrane efficiency of MNPs, which also indirectly suggested that dMNPs are likely one kind of good gene delivery system for cancer therapy.
To confirm whether antisense survivin oligonucleotides in asODN-dMNP composites take effects on MCF-7, MDA-MB-435, and HepG2 cells, we observed that tumor cells with asODN-dMNPs gradually became round and suspended and exhibited apoptosis or death as the culture time increased. Conversely, these cells in the control group without asODN-dMNPs and with dMNPs grew very well. These results showed that antisense survivin oligonucleotides in asODN-dMNP composites took effects against cell proliferation. To further confirm this point, semiquantitative reverse transcription-PCR (RT-PCR) and Western blot were used to detect the expression levels of survivin gene/protein in tumor cells. Result showed that survivin gene/protein in MCF-7, MDA-MB-435, and HepG2 cells with asODN exhibited gradually down-regulation expression as the dose of asODN-dMNPs and culture time increased; conversely, these cells in the control group exhibited no marked change in expression of survivin gene and protein. Similar results also were observed for HL-60 cells and human prostate cancer LNCaP cell line (data not shown). These results fully showed that asODN of asODN-dMNPs can bind with start site of survivin mRNA and block translation of survivin mRNA into survivin protein and finally down-regulated expression of survivin gene and protein. These results also showed that dMNPs do not affect the function of antisense survivin oligonucleotides in tumor cells. There is one interesting question, that is, in the course of antisense survivin oligonucleotides blocking translation of survivin mRNA into protein in tumor cells, asODN escaped from asODNdMNPs and then took effect or asODN-dMNPs as a whole unit took effects? We consider that, first, asODN can escape from asODNdMNPs under the cell in vivo environment and then asODNs themselves bind with start site of survivin mRNA and block translation of survivin mRNA into survivin protein. The dMNPs may be expelled out of cells. The concrete course and mechanism still need further clarification.
Using dMNPs as the gene nanovector may prevent fast degradation of the asODN by enzymes in vivo cells (36) and extend the lifetime of asODN inside cells (37, 38) . Because dMNPs can change the cellular microenvironment within a short time, absorbed some ions, and change the pH of the environment, they can protect asODN from degradation caused by in vivo enzymes (35, 39, 40) . Lots of research reports showed that antisense oligonucleotides take effects within 2 days after entering into tumor cells. As the time increases, the function of asODN will disappear gradually (15) (16) (17) . In this study, we observed that, as the incubation day increased, the cell growth inhibition became more and more marked, and at no. 5 day, the inhibition effects reach high peak. Therefore, we consider that dMNPs may be helpful to protect antisense oligonucleotides from fast degradation by enzymes in vivo. The concrete mechanism still needs further clarification.
According to above-mentioned results, we suggest a possible model of interaction between asODN-dMNPs and tumor cells (Fig. 1) . The asODNs combined with dMNPs via electrostatic means; the resulting asODN-dMNP nanocomposites have positive charge on their surface, easily attached to the surface of tumor cells (24, 25) , induced internalization of asODN-dMNPs into tumor cells by endocytosis means (26) under the action of lysosome enzymes and ions in cells; and asODN escaped from asODN-dMNP composites, enter into ribosome (8, 12, 13) , bind the start sites of survivin mRNA, block translation of survivin mRNA into survivin protein, eliminate the function of survivin protein against apoptosis, and induced cell apoptosis. The dMNPs may be expelled from in vivo of cells.
In conclusion, different generation of dendrimer-conjugated MNPs are successfully fabricated, and these resulting dendrimer-MNP composites can bind with antisense survivin oligonucleotides via electrostatic means. The amount of combined antisense survivin oligonucleotides increases accordingly as the generation of dendrimer increases, and dendrimer coating layer markedly improves the solubility of MNPs. The asODN-dMNP composites can cross cell membrane and enter into tumor cells within 15 min and inhibit the growth of tumor cells. The dMNPs almost do not affect the growth of tumor cells and are helpful to protect asODN 
